Incisional hernia is the most common complication of laparotomies, with a cumulative incidence of about 20% [1] [2] [3] . It occurs when the abdominal wall heals incompletely and impedes the timely re-establishment of an efficient load-bearing scar at the myofascial layer. . However, the molecular mechanisms that control its formation remain ambiguous. The late appearance after laparotomy and the recurrence rate curves observed after operation strongly suggest a biological underlying dysfunction, at least in a subset of patients [5, 6] . Interest has mainly focused on abnormal collagen metabolism, and a number of studies have investigated changes in type I to type III collagen ratios [7, 8] and alterations in individual matrix metalloprotenaises (MMPs) [7] [8] [9] 
and collagen-interacting proteins [10] . Nevertheless, as the majority of hernias occur in patients that have no history of a wound-healing defect (making them safe surgical candidates) and also do not express a defect at the primary surgical site [6] , other triggers are feasible. Some studies provide experimental evidence relating mechanical failure and incisional hernia development (reviewed in reference 7) , possibly as a consequence of altered mechanotransduction and repair fibroblast biology [7, 11] [12] . De-regulated specific MMPs expression has been previously reported in incisional hernia [7, 9] . Because studies have usually focused on a single MMP (MMP1, MMP13 [7] and MMP2 [9] 
. Other mechanisms have so far received little attention. It is possible that new descriptive tissue-based research may help to establish novel hypotheses of pathogenesis. For instance, the relevance of local factors intrinsic to the target tissue, like an ongoing induction of pro-inflammatory mediators or persistent extracellular matrix (ECM) turnover, is still unknown. The balance between MMPs and tissue inhibitors of metalloproteinase (TIMPs) is a critical determinant of ECM integrity and function. Alterations in MMPs/TIMPs ratios are implicated in multiple diseases

) and there are no reports concerning TIMPs measurement, there is a need to perform a more comprehensive survey of MMPs and TIMPs to study them in a more integrated fashion, because it is the concerted action of the MMPs and TIMPs that determines their biological actions.
Also, cytokines are important regulators of MMPs/TIMPs systems. In the setting of surgical stress, cytokines and other factors are released with consequent autocrine/paracrine actions [13, 14] . Initially decisive for the host recovery, the persistence of deregulated inflammatory signalling may be detrimental. ECM is critical in fine-tuning the spatial and temporal expression patterns of cytokines at sites of inflammation and healing [15, 16] .
Finally, incisional hernia affects both the skeletal muscle and the fascial layers. To date, the fascia has been focused on in most of the investigations [17] , but it is probable that insights into disease pathogenesis may be gained by simultaneously analysing both tissues. Skeletal muscle is a load-bearing structure that confers abdominal wall compliance. It is highly responsive to changes in functional demands, but it has been scarcely studied in relation to incisional hernia in human cases. Because the skeletal muscle is especially sensitive to pro-inflammatory stimuli, responding with tissue loss and failure [18] 
Histological analysis
The fascial layer consisted of a small number of fibroblasts, vessels and a large ECM. Compared with controls (Fig. 1A) , incisional hernia fascias (Fig. 1B) (Fig. 4) 
ECM synthesis and degradation
Conversely, changes in MMPs and TIMPs expression were identified in incisional hernia tissues both at the transcriptional and at the post-transcriptional levels (Figs. 2 and 3). These changes resulted in higher MMP/TIMP ratios
3). Zymography and reverse zymography (Figs. 2 and 3) revealed a strong induction of MMP9 (92 kD and 86 kD, P ϭ 0.026) and MMP3 (P ϭ 0.040) activities, together with largely decreased TIMPs activities in incisional hernia aponeuroses (P ϭ 0.015). Under the conditions used (and probably due to the fact that muscle ECM protein is minimal as compared with total protein), MMPs and TIMPs activities were undetectable in skeletal muscle specimens.
Pro-inflammatory signalling
As shown in Figs. 2 [24, 25] . Also, albeit not mechanistically investigated here, the lack of collagen deposition could be due to improper extracellular post-translational collagen maturation secondary to cytokine action [26] .
Statistical relationships between transcripts
Complex networks of reciprocal interactions are established between MMPs, TIMPs, cytokines and growth factors, which regulate a wide variety of inflammatory and tissue remodelling mediators [22]. As it is difficult to compare the expression pattern of the 17 molecules simultaneously, PCA was performed. PCA is a powerful, exploratory non-parametric tool that has found application in several fields to extract relevant information from multidimensional data sets, that is, it filters out the noise and reveals hidden structure, allowing the selection of the most useful variables [21, 23]. By observing the correlations between the indices and the original variables (factor loadings), associations between the original variables can be identified and summarized. Factor loadings revealed the genes that provided the largest positive and negative contribution to incisional hernia (loading Ͼ Ϯ0.6). Each correlation or loading indicates how strongly the original variable 'loads' on it. As depicted in
Among the MMPs analysed, stands out the elevated expression of MMP1, MMP3 and MMP9 in incisional hernia fascia, especially at the activity level. Because tissue biopsies failed to show any inflammatory exudates, we speculate that they may be produced by native mesenchymal cells subtly stimulated by an unrelenting inflammatory signalling [27, 28] . MMP1 plays a unique role in eliminating defective pro-collagens during new collagen formation [29] , and its anomalous activity has been associated with progression of several diseases including congenital diaphragmatic hernia lungs [30, 31] . MMP3 acts as an activator for several MMPs, and it can directly stimulate cellular transformation [32] . MMP9 is important in the inflammatory phase of wound healing [33, 34] , and its excessive production relates to tissue damage and matricryptin generation, as observed in degenerative inflammatory and/or autoimmune disorders [35, 36] .
Previous studies did not measure TIMPs expression in the herniated abdominal wall, excepting a sole report describing [43] . TNFA is involved in the pathogenesis of chronic inflammation in vivo [44, 45] and is one of the most important inducers of MMP protein production [27] . The [6] , and/or to a loss of fibroblast-ECM attachment [24, 53] .
In summary, the results of the present study are consistent with the hypothesis of a biology of hernia formation [5, 6] 
